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CONTINUOUS HIGH PRESSURE SOLIDS 
PUMP SYSTEM 

FJELD AND BACKGROUND OF THE 
INVENTION 

The present invention relates in general to pulverized fuel 
delivery systems such as pulverized coal injection (PCI) 
systems for blast furnaces used in iron and steel production, 
and in particular to a new and unique pulverized fuel 
delivery system and method which uses a high pressure, 
variable speed solids pump for continuously providing pul 
verized coal to one or more blast furnaces or other users of 
pulverized coal. 
The use of pulverized coal as a fuel for blast furnaces was 

?rst introduced approximately 35 years ago, and is a popular 
fuel due to its relatively low cost and widespread availabil 
ity. Several different delivery systems for conveying the 
pulverized coal to furnaces or other combustion applications 
have been developed. In particular, one modern group of 
substantially continuous ?ow, high pressure pulverized coal 
pneumatic delivery systems is characterized by the use of 
atmospheric reservoirs to ?ll pressurized feeder tanks, which 
in turn supply pulverized coal to multiple injection lines or 
to a feed line connected to one or more distributors. The 
distributors convey the pulverized coal from the feed line to 
multiple points in a furnace or other application. The coal 
may be provided in what is known as “dense phase” because 
of the relatively high ratio of solids to volume of gas present, 
or it may be conveyed in dilute phase depending on the 
speci?c technology employed. 

However, these known methods for continuously deliv 
ering pulverized coal fuel to blast furnaces for burning all 
have drawbacks, such as ine?icient use of materials, space, 
or energy. These problems arise primarily from the dif?culty 
of moving the pulverized coal from atmospheric pressure 
storage bins to higher pressure feeder or batch tanks for 
injection into a furnace. Also, because the pulverized coal is 
provided in the dense phase at high pressure, rotary feeders 
do not work well due to pressure limitations. 
US. Pat. Nos. 3,689,045 and 3,720,351 to Coulter et al. 

both disclose a pulverized coal delivery system for provid 
ing dense phase pulverized coal to a blast furnace. An 
atmospheric coal grinding and collection system is com 
bined with two or more pressurized batch or feeder tanks, 
preferably at least three separate feeder tanks, which are 
connected to one storage reservoir. While one full feeder 
tank is used to supply the pulverized coal to the blast furnace 
at high pressure, the remaining two feeder tanks may be 
re?lled from the storage reservoir at atmospheric pressure. 
Once a feeder tank is ?lled, it is pressurized and readied to 
be placed online when the supply of pulverized coal in that 
feeder tank currently feeding the blast furnace is depleted, 
thus maintaining a substantially continuous pulverized coal 
fuel ?ow into the blast furnace. This cycle is continuously 
repeated, such that one feeder tank is always online and 
feeding the blast furnace, while the remaining two feeder 
tanks are at varying stages of re?lling with pulverized coal 
and/or recharging to high pressure. 
More particularly, the pulverized fuel delivery systems of 

Coulter et al. operate such that each batch tank in these 
systems is cycled continuously in the following sequence: 

a. At atmospheric pressure (vented), the feeder tank is 
?lled by gravity ?ow from a pulverized fuel reservoir 
located above through a connecting pipeline. 

b. Once ?lled, a valve in the ?ll pipeline is closed and the 
feeder tank is pressurized with inert gas. 
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c. Once pressurized, the feeder tank is in the ready 

condition and remains in standby until the on-line 
feeder tank is empty. , 

When the time comes for the ready tank to go on-line, 
e.g., to begin feeding pulverized fuel to the blast 
furnace, a valve in the discharge line located below the 
tank opens and pulverized fuel in dense phase ?ows out 
under pressure into the fuel transport and distribution 
system which connects the tank to the furnace. 

e. Once the tank is nearly empty, the pulverized fuel 
discharge valve ‘closes and the feeder tank pressure is 
vented down to atmospheric pressure. This completes 
the cycle which generally requires a time span of 30 to 
90 minutes. 

Another common form of high pressure solids feed sys 
tem employs two tanks in series, and is shown in schemati 
cally in FIG. 1. The ?rst tank, commonly referred to as a 
lock hopper, receives solids materials from an atmospheric 
storage reservoir by gravity ?ow. This ?rst tank is then 
closed and pressurized to a pressure equal to the pressure of 
the second or feed tank. A drain valve in the ?rst tank is 
opened to release the material into the feed tank. Once the 
?rst tank is emptied, it is depressurized and re?lled for 
another cycle. 

Other known methods for continuously transporting ?ne 
solids in dense phase include the cascading pressure con 
tinuous blow bottle disclosed by US. Pat. No. 5,265,983 to 
Wennerstrom et al. The Wennerstrom et al. patent provides 
for the continuous ?lling of a blow bottle, which takes the 
place of multiple feeder tanks. This device employs a single 
variable speed rotary feeder in combination with one or 
more constant speed rotary feeders in a cascade arrange 
ment. The upper variable speed rotary feeder is capable of 
handling 20 psig dilferential pressure, while the lower 
constant speed feeders are designed for higher differential 
pressures up to 50 psig. Continuous venting of the rotary 
feeders is necessary to prevent up~draft of gas through the 
feed system. In a high pressure system, the continuous 
venting of the feeders will result in a large quantity of 
compressed gas (typically nitrogen or N2) being lost, and 
this wasted nitrogen is a costly element in the overall 
system. 
US. Pat. No. 4,392,438 to Dooley. discloses a coal 

transport system for delivering a pulverized coal fuel from 
a remote point directly to a furnace or alternately to a storage 
chamber. The system disclosed in the ’438 patent uses coal 
gas to pressurize the system and force the pressurized coal 
from a processing and pulverizing plant through a pipeline 
having a series of booster stations used to maintain pressure 
to a furnace. The system of the ’438 Dooley patent is similar 
in concept to that of the present invention, however it does 
not use a high pressure variable speed solids pump to 
maintain and initiate the fuel ?ow into the furnace, nor does 
it concern itself with ?lling and maintaining a fuel level in 
a feeder tank. 
US. Pat. No. 5,285,735 to Motoi et a1. discloses a control 

apparatus for injection of a particular quantity of pulverized 
coal into a blast furnace. This patent does not disclose the 
use of a high pres sure variable speed solids pump either, but 
merely a different means of controlling the level of coal in 
a feed tank for supplying the furnace. The Motoi et al. patent 
uses additional pressurizing gas to maintain the pressure 
within the feed tank while varying the rate at which the feed 
tank is ?led with the control system. The Motoi et al. 
patent’s apparatus uses a conveying gas in conjunction with 
a pressurized gas and a series of valves to achieve similar 
results as are achieved with the high pressure pump of the 
present invention which requires much less equipment. 
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It is thus apparent that an improved pulverized fuel 
delivery system that can reduce or eliminate: the cycling of 
multiple batch tanks, the disruptions that occur when one 
such batch tank is taken off line and another is started. and 
the venting of signi?cant quantities of Pressurizing gas, 
would be welcomed by the industry. 

SUIVEMARY OF THE INVENTION 

It is a primary object of this invention to improve upon 
and streamline the process of continuously providing atmo 
spheric pressure pulverized coal to a high pressure solids 
feeder tank for supplying a blast furnace or other applica 
tion. 

Accordingly, a system is provided in which solids, such as 
pulverized coal, are provided to and stored at atmospheric 
pressure in a reservoir, from Where the solids are discharged 
by gravity in dense phase ?ow and continuously conveyed 
to a high pres sure feeder tank through a variable speed, high 
pressure solids pump, preferably of the type disclosed in 
U.S. Pat. Nos. 4,5 16,674; 4,988,239; and 5,05 1,041 to Firth. 
However, in most instances it is envisioned that deaeration 
means will have to be provided just upstream of the solids 
pump to maintain proper inlet conditions so that the pump 
will operate properly. The high pressure feeder tank may be 
connected to a blast furnace or other application which 
requires a continuous supply of solids, such as pulverized 
coal. through a dense phase discharge line. In some systems 
the dense phase discharge may be diluted with the addition 
of gas for improved ?ow characteristics. 
The high pressure solids pump both meters the ?ow of 

solids into the feeder tank and increases the pressure from 
atmospheric pressure. This system for ?lling the high pres 
sure feeder tank may be operated continuously and the speed 
of the pump may be controlled so that a nearly constant level 
of solids may be maintained in the feeder tank. Preferably, 
the pump will be capable of providing solids to the‘ feeder 
tank at least as rapidly as the solids are discharged from the 
tank outlet for use. As a result, this system eliminates the 
need for more than one high pressure feeder tank for each 
application which it is supplying with solids. 
The reservoir may have ?uidizing gas added near the 

outlet to facilitate the dense phase ?ow of solids into the 
pump. Additional ?uidizing gas may also be provided to the 
outlet of the feeder tank, in order to maintain the dense phase 
?ow through the discharge line and assist in regulating the 
discharge ?ow. Pressurizing gas is added to the feeder tanks 
to further assist the regulation of the discharge ?ow and 
maintain the pressure in the feeder tank to the required 
process pressure which may normally range from 5 to 20 
atmospheres, although other pressures may be maintained 
depending on the application. 

Valves may be added at one or more points between the 
reservoir and feeder tank to assist in depressurizing and 
isolating parts of the system for cleaning and maintenance 
purposes. Further, vents may be provided on the feeder tank 
for assisting with the pressure adjustment of the tank and 
helping to regulate the flow out of the feeder tank while 
operating. 

In one application of the present invention, additional 
solids pumps may be added in parallel with the ?rst pump to 
supply the same tank or other feeder tanks from the same 
reservoir. The different pumps and feeder tanks do not have 
to have the same capacity requirements and their ?ll levels 
may be maintained independently of each other. although 
they may have identical characteristics. The additional 
feeder tanks may be modified existing feeder tanks from the 
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4 
known two or three feed tank supply systems described 
above, thus utilizing existing equipment and avoiding large 
costs to implement the system of the present invention. 
The process of the present invention requires providing 

solids to a reservoir maintained at atmospheric pressure, 
passing the solids to a variable speed, high pressure solids 
pump, using the pump to pressurize the solids and convey 
the solids to a pressurized feeder tank. The solids may then 
be supplied to an application such as a blast furnace by 
conveying the solids from the feeder tank through a dis 
charge line or other apparatus. 
The new system and process of the invention is advan 

tageous for many reasons. The use of a continuous pump 
supplying one feeder tank eliminates the need for more than 
one feeder tank. or for a lock hopper transfer tank and as a 
result, eliminates the venting of signi?cant quanti?es of 
pressurized gas which occurs in known systems when indi 
vidual batch feeder tanks or lock hoppers are depressurized 
It also eliminates the disruption in the feed system which 
occurs when switching between batch tanks. 

Advantages over other systems include the elimination of 
the need to continually vent the system to prevent blow-back 
of solids since the pump helps to generate the pressure. And, 
because the solids pump is capable of providing higher 
pressure levels independently, the need for a series of pumps 
to pressurize and convey the solids is eliminated 

Accordingly, one aspect of the present invention is drawn 
to a continuous high pressure solids supply system which 
comprises a source of solids, and a dense phase discharge 
conduit for conveying the solids in a dense phase ?ow. This 
discharge conduit Will preferably include deaeration means 
which allow the solids material to deaereate just prior to 
entering a variable speed, high pressure solids pump. The 
deaeration means allows the entrained gas to ?ow back to 
the source of the solids, typically a reservoir, via an external 
conduit. The deaeration means is located just ahead of the 
pump inlet. Alternatively, some applications will not require 
a separate deaeration means to accomplish this function; in 
such cases the solids are self-deaerating, the entrained gases 
?owing back up to the reservoir through the dense phase 
discharge conduit itself. The high pressure solids supply 
system further comprises a variable speed, high pressure 
solids pump having a pump inlet and a pump outlet, the 
pump inlet connected to the deaeration means in the dis 
charge conduit. Finally, a feeder tank is connected to the 
solids pump outlet. The feeder tank is maintained at a higher 
pressure than the source of solids, and also has an outlet to 
provide the solids to the process of interest, typically a blast 
furnace. 

Another aspect of the present invention is drawn to a 
method for continuously conveying solids. The steps of this 
method include providing a source of solids to a reservoir. 
The method discharges the solids from the reservoir into a 
discharge conduit in a dense phase ?ow. The dense phase 
?ow of solids is deaerated and then enters a variable speed, 
high pressure solids pump. The solids pump is used to 
increase the pressure of the solids ?ow. The dense phase 
?ow of solids is then discharged to a feeder tank which is 
maintained at a higher pressure than the pressure in the 
reservoir. The solids in dense phase ?ow are then provided 
to an application through an outlet of the feeder tank. The 
solids pump is controlled such that a substantially constant 
level of solids is maintained in the feeder tank. 
The various features of novelty which characterize the 

invention are pointed out with particularity in the claims 
annexed to and forming a part of this disclosure. For a better 
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understanding of the invention, its operating advantages and 
speci?c objects attained by its uses, reference is made to the 
accompanying drawings and descriptive matter in which a 
preferred embodiment of the invention is illustrated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a schematic representation of a known series 

tank arrangement also lmown as a lock hopper system; 
FIG. 2 is a schematic drawing of a ?rst embodiment of the 

system of the present invention; 
FIG. 3 is a schematic detail drawing of the discharge 

conduit portion of the system of FIG. 2, illustrating the 
deaeration means of the present invention in greater detail; 

FIG. 4 is a schematic drawing of one application of the 
present invention wherein one reservoir supplies plural 
feeder tanks in parallel; and 

FIGS. 5(a)-5(d) are schematics of other embodiments of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to the drawings generally, wherein like numer 
als represent the same or functionally similar elements in the 
drawings, and to FIGS. 2 and. 3 in particular, one aspect of 
the present invention is drawn to a high pressure solids 
supply system, generally designated 90. The system 90 has 
a collection and storage reservoir 10 with reservoir outlet 11. 
Reservoir outlet 11 provides a dense phase ?ow of solids, 
advantageously pulverized coal, into a dense phase dis 
charge conduit 13 which has an isolation valve 14. The 
solids will eventually be conveyed to a variable speed, high 
pressure solids pump 20 at pump inlet 19. FIG. 2 further 
discloses one preferred embodiment of the invention which 
includes a deaerator means 15 containing a gas permeable 
internal conduit 16, a deaerator jacket 17 and a vent 18. As 
shown in greater detail in FIG. 3. since the solids must be 
?uidized with ?uidizing gas 12 to enable them to be dis 
charged from the reservoir 10, the deaeration means 15 is 
required to maintain proper, deaerated conditions in the 
solids at the pump 20 inlet so that pump 20 will maintain its 
seal. The gas permeable internal conduit 16-has a wall which 
is advantageously made of a fabric ?lter material, such as 
Gore Tex® or the like, which will allow the gases to pass 
therethrough but which will retain the ?ne solids within the 
gas permeable conduit 16. Other suitable ?lter materials 
could be porous ceramics, metals or polymers. Gases pass 
ing through the ?lter wall of conduit 16 are conveyed into an 
annular space de?ned between conduit 16 and jacket 17 and 
then back into the reservoir 10 at vent 18. Alternatively, the 
deaerator vent gas may be vented to atmosphere and/or may 
be induced by a exhauster fan (not shown). The deaerator 
means 15 may employ a means to stimulate ?ow and prevent 
pluggage by applying vibration to the deaerator means 15, as 
schematically indicated at 120. It may also utilize a pneu 
matic pulse means 125, for applying a pneumatic pulse 
inside the deaerator jacket 17 which will stimulate the 
material ?ow inside the gas permeable conduit 16. 

Refening back to FIG. 2, the storage reservoir 10 is 
typically maintained at atmospheric or near atmospheric 
pressure. The storage reservoir 10 may be inerted (such as 
with nitrogen or N2) from a source 8 of inerting gas or 
remain uninerted. depending on the combustibility of the 
?ne solids therein. Pump outlet 21 connects to feeder tank 
30, which has its outlet 31 connected to discharge line 39. 
Discharge line 39 is connected to an application such as 
furnace 40. 
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Collection and storage reservoir 10 is supplied with 

solids, such as pulverized coal, from solids source 16. 
Reservoir 10 has ?uidizing gas 12 provided near outlet 11 to 
?uidize the solids within the reservoir 10 to maintain a dense 
phase ?ow through outlet 11 and into the discharge conduit 
13. In one embodiment, reservoir 10 may have one or more 
vent inlets 18 near its top. 
As indicated above, the reservoir 10 is usually at atmo 

spheric pressure, and may be ?lled from solids source 16 by 
any known means, including but not limited to gravity, a belt 
type feeder, or a rotary feed pump, all schematically indi 
cated at 7. 

Solids pump 20 is preferentially a modi?ed version of a 
high pressure solids pump available from STAMET, 
Incorporated, and is capable of transferring and metering 
solids. For details of the basic solids pump con?guration, the 
reader is referred to the aforementioned U.S. Pat. Nos. 
4,516,674; 4,988,239; and 5,05 1,041 to Firth. Modi?cations 
that will be necessary include those needed to operate at the 
required pressures, and/or to meet safety requirements 
which may be imposed by local, state, or national codes for 
materials which have explosive or other hazardous charac 
teristics. The pump 20 also increases the pressure between 
the reservoir 10 and feeder tank 30, and serves as a pres 
suring boundary therebetween. Solids pump 20 is powered 
by a variable speed electric motor (not shown), which may 
be controlled by known means so that ?ue solids are properly 
metered into the feeder tank 30 and to keep the feeder tank 
30 at a nearly constant ?ll level. ’ 

Metered and pressurized solids leave pump outlet 21 at a 
higher pressure than in the reservoir 10, are conveyed to 
pressurized feeder tank 30. The pump 20 is controlled by a 
control system 55 which varies the speed of the electric 
motor (not shown) driving solids pump 20, based upon 
signals indicative of the weight of feeder tank 30 provided 
by load cells or level sensors schematically indicated at 50. 
The control system 55 provides a control signal to the 
electric motor (not shown) via line 57, schematically shown 
being provided to pump 20 for simplicity. The solids pump 
20 is operated in such a manner so as to aifect whatever ?ne 
solids process ?ow is discharged from the bottom of the 
feeder tank 30 via discharge line 39. Manual (via a human 
operator) or automatic control signals 80 from other systems 
may also be provided to the control system 55. based upon 
process conditions, such as those occurring Within blast 
furnace 40. System data signals, schematically represented 
at 85, can be provided to remote locations to apprise 
operators of operating conditions. 

Feeder tank 30 has outlet 31 at its lower end connected to 
discharge pipe 39. Fluidizing gas 34 is provided at inlet 35 
adjacent feeder tank outlet 31 to ensure that the solids 
material is in the dense phase ?ow when it leaves the feeder 
tank 30. A pressurizing gas 32 is supplied to the tank at 
pressurizing gas inlet 33, to help maintain the pressure 
within the feeder tank 30. The pressure within the feeder 
tank 30 is preferentially between 5 and 20 atmospheres. A 
vent 38 may be provided near the top of the feeder tank 30 
for reducing the pressure within the feeder tank 30. Fluid 
izing gas 34, pressurizing gas 32 and vent 38 all assist in 
regulating the ?ow of dense phase solids through tank outlet 
31 and discharge pipe 39. 

Feeder tanks 30 may also employ variable speed rotary 
feeders or similar devices 41 at tank outlet 31 to regulate 
?ow from the tank 30 to the process of interest, as well as 
isolation valve 42. 

Discharge pipe 39 connects the feeder tank outlet 31 to 
intermediate distribution systems (not shown), when 
needed, and applications such as blast furnace 40. 
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Isolation valves 14 and 22 may be provided between 
reservoir outlet 11 and pump inlet 19, and pump outlet 21 
and feeder tank 30, respectively. The isolation valves 14, 22 
are useful for keeping the lower pressure reservoir 20 
separated from the higher pressure feeder tank during clean 
ing and maintenance. Vent 38 may be added to feeder tank 
30 and can be used to reduce the pressure inside the tank 30. 
Avent ?lter 36 is added to the vent line to remove unwanted 
particles from the vented gases, which can be maintained in 
the system 90 by returning it to reservoir 10 through inlet 18. 
One application of the present invention is shown in 

furnace supply system 100 of FIG. 4. Supply system 100 has 
a single reservoir 10 which receives solids in the form of 
pulverized coal from sources 16 and 17. Coal source 17 
includes reclaimed pulverized coal from sources such as 
baghouse ?lters and cyclones (not shown). Coal source 16 
includes the primary source of pulverized coal such as from 
a pulverizer or crusher (not shown). 
The coal in reservoir 10 is ?uidized to a dense phase ?ow 

as before by ?uidizing gas 12 injected near reservoir mul 
tiple outlets Ila-110. In this case, three lines are shown, but 
more are possible if the capacity of the reservoir 10 will 
allow it, and one line, as shown in FIG. 1, or two are also 
Within the scope of this invention. The remaining elements 
of the system 100 may be identical, or di?erent, in their 
requirements and capacities. In this example, the remaining 
elements in each line are substantially identical, although 
this is not intended to limit the scope of the invention, as it 
is the intention of this invention that each line is independent 
of the others. 
From multiple outlets Ila-110, the dense phase ?ow 

travels through conduits 13a-13c and isolation valves 
14a-140 to pump inlets 1911-190, where variable speed high 
pressure solids pumps 20a-20c raise the pressure between 
reservoir 10 and feeder tanks 3011-300. Conduits 1311-130 
are preferably vertical but may be sloped only in that part of 
the conduit where the material is aerated and ?owing in 
dense phase. Before the solids stream becomes deaerated 
either by back venting in conduit 13a-130 or by separate 
deaerator means 15, the ?ow must be vertical into the pump 
inlets 1911-190. Pumps 2011-200 transfer the dense phase 
?ow to the higher pressure region, and eject the flow from 
pump outlets 2111-210, where the ?ow is conveyed through 
isolation valves 220-220 to feeder tanks 30a-300. It should 
be noted, that as with the system 90 of FIG. 1, the isolation 
valves 1411-140 and 2211-220 are not required for normal 
operation of the invention, but are used to assist in cleaning 
and maintenance of the system 100. Each pump 2011-2012 is 
controlled by control system 55 which varies the speed of 
the electric motor (not shown) driving each solids pump 
2011-200, based upon signals indicative of the weight of 
feeder tank 3011-300 provided by load cells or level sensors 
schematically indicated at 50. The control system 55 pro 
vides a control signal to each of the electric motors (not 
shown) via line 57, schematically shown being provided to 
pumps 20a-200 for simplicity. Each solids pump 20a-200 is 
operatedin such a manner so as to affect Whatever free solids 
process ?ow is discharged from the bottom of each feeder 
tank 30a-300 via discharge lines 39a-39c. Manual (via a 
human operator) or automatic control signals 80 from other 
systems may also be provided to the control system 55, 
based upon process conditions, such as those occurring 
within blast furnaces 40a-400. System data signals, sche 
matically represented at 85, can again be provided to remote 
locations to provide system status information to the opera 
tors. 

The pulverized coal that was transported as a dense phase 
flow to the feeder tanks 3011-300 is stored until it is again 
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8 
?uidized by ?uidizing gas 34, injected near tank outlets 
31a-310 at ?uidizing inlets 35a-350. While the pulverized 
coal is in the feeder tanks 30a-30c, the pressure is main 
tained in part by pres surizing gas 32, supplied to each feeder 
tank 3011-300 at pressurizing gas inlets 33a-330. The pres 
surizing gas 32 may be adjusted for each tank to assist in 
controlling the ?ow of pulverized coal leaving the tank 
Additionally, as shown in FIG. 2, a single source for each of 
the ?uidizing gas 34 and pressurizing gas 32 may be used in 
combination with valves (not shown) to control the supply 
of each gas to the feeder tanks 30a-300, or individual 
sources may be used. 

In this system 100, each feeder tank 30 is again provided 
with a vent 3812-380, for removing pressurized gases from 
the system. Each vent line has an isolation valve 37a-370 
and recycles gases to and terminates at reservoir vent inlet(s) 
18. The vents 3811-380 and associated isolation valves 
3711-370 and lines are not necessarily required in this system 
100, and are included for cleaning and maintenance and 
additional pulverized discharge ?ow control in the feeder 
tanks 3011-300. A vent ?lter 36 would typically be provided 
to reservoir 10, eventually venting to atmosphere (ATM) as 
shown. 

Finally,- each feeder tank 3011-300 is used to supply a 
discharge line 3911-390 which is connected to an application, 
in this case three blast furnaces 4011-400. These furnaces 
may be separate furnaces, or the discharge lines may connect 
the pulverized coal supply of two or more feeders 30a-300 
to dilferent combustion areas of the same furnace 4011-400. 
An isolation valve 42a-420 is provided in each discharge 
line 3911-390 to shut off the ?ow of dense phase pulverized 
coal to the furnaces 40a-400 if necessary, but the valves 
42a-420 are not required for operation. Again, arotary valve 
means 41a-410 may also be provided if needed. 

There are three primary advantages of this invention 
vis-a-vis the classic batch type or lock hopper feed system: 

1. The continuous pump system eliminates the cycling of 
multiple batch tanks and their associated ?ll valves, 
pressurizing valves, on-line dense phase ?ow valves 
and vent valves. These valves are typically severe duty 
valves which require signi?cant maintenance. 

2. The continuous pump system eliminates the disruption 
in solids feed which occurs in a batch tank system when 
one tank goes o?’ line and another comes on line. Also, 
because the continuous feed system maintains a con 
stant ?ne solids inventory in the feed tank, there is no 
feed rate change which may occur in a batch tank 
whose inventory is reduced from full to near-empty 
during a feed cycle. 

3. The continuous pump system eliminates the venting of 
signi?cant quantities of pressurized gas which occurs at 
the end of a batch tank feed cycle or a lock hopper 
charge cycle. This vented gas wastes the energy of 
compression normally supplied by motor driven com 
pressors and the value of the gas itself if it is vented to 
an atmospheric discharge point. It also eliminates the 
need for large vent ?lters and their associated 
installation, operation, and maintenance costs. 

The continuous pump system of the present invention also 
has two major advantages over the cascading pressure 
continuous blow bottle system of US. Pat. No. 5,265,983 to 
Wennerstrom et al: 

1. The multiple rotary feeders employed by the continu 
ous blow bottle must each be vented to prevent blow 
back of pressurized gases coming from the pressurized 
feed tank (blow bottle). This gas has a compression 
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energy component which is lost and may discard gas 
which has some value as in Item 3 above. 

2. The rotary feeders that are employed by the continuous 
blow bottle have relatively low differential pressure 
capability when compared to the solids pump. Hence, 
multiple or cascading rotary feeders are needed for, 
higher pressure systems which complicates the system, 
adds initial cost and increases operation and mainte 
nance costs. 

While speci?c embodiments of the invention have been 
shown and described in detail to illustrate the application of 
the principles of the invention, it will be understood that the 
invention may be embodied otherwise without departing 
from such principles. For example, while the present inven 
tion is particularly suitable as part of a pulverized fuel 
delivery system for blast furnaces used in the manufacture of 
iron and steel. it could also be used to transport such fuels 
to other types of furnaces, for other purposes. Similarly, the 
solids material need not be a fuel, but instead could be other 
types of pulverized material that needs to be transported 
from a region of atmospheric pressure to another region at 
superatrnospheric pressure. Several alternative arrange 
ments of the present invention using the high pressure free 
solids pump could accomplish the purpose intended: 

1. An arrangement without the pressurized feed tank. The 
solids pump would discharge directly into a high pres 
sure conduit for ?uidization and conveying to the 
process. 

2. An arrangement that contains two high pressure ?ne 
solids pumps, one upstream of the high pressure feed 
tank and one at the feed tank outlet. This outlet pump 
would take the place of feed tank pressurizin'g gas as 
the means to regulate ?ow out of the feed tank and into 
the process. 

3. An arrangement that contains two or more solids pumps 
in parallel between a single storage bin or reservoir and 
a single pressurized feed tank. This arrangement would 
allow for greater capacity or for redundancy in case of 

. a pump failure. 

4. An arrangement that contains two or more pumps in 
series for cases where one pump cannot achieve the 
pressure rise required by the system. Pumps in series 
would be in a cascade scheme, each delivering ?ne 
solids at higher‘ pressure to the next pump. 

5. Any combination of storage bins pumps and pressur 
ized feed tanks that are appropriate for the process 
requirements. For instance, in the case of blast furnace 
pulverized coal injection, a single large pulverized coal 
bin could be utilized for the injection of coal into 
multiple furnaces by using multiple solids pumps and 

' pressurized feed tanks arranged in parallel under the 
storage bin. 

These various alternative arrangements are shown sche 
matically in FIGS. 5(a)—5(d). Like numerals designate the 
same or functionally similar elements. Since the particular 
functions and details have thus been mentioned previously, 
a detailed description of such modi?cations have been 
omitted herein for the sake of conciseness and readability, 
but properly fall within the scope and equivalents of the 
following claims. 
We claim: 
1. A continuous high pressure solids supply system com 

prising: 
a source of solids; 
?uidizing means for discharging the solids in a dense 

phase ?ow; 
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10 
deaerating means for deaerating the solids ?ow prior to 

entering a solids pump; 
a variable speed, high pressure solids pump having a 
pump inlet and a pump outlet, the pump inlet connected 
to the deaerating means; and 

a feeder tank connected to the solids pump outlet, the 
feeder tank at a higher pressure than the source of 
solids, and having an outlet. 

2. The continuous high pressure solids supply system 
according to claim 1, further comprising means for supply 
ing the solids in a dense phase ?ow at high pressure from the 
feeder tank outlet to an application. 

3. The continuous high pressure solids supply system 
according to claim 2. further comprising at least one isola 
tion valve located at at least one of between the source of 
solids and the solids pump inlet and between the solids pump 
outlet and the feeder tank. 

4. The continuous high pressure solids supply system 
‘according to claim 3, wherein the solids comprises pulver 
ized coal, and the source of solids further comprises a 
pulverizer. 

5. The continuous high pressure solids supply system 
according to claim 4, wherein the application comprises a 
furnace. 

6. The continuous high pressure solids supply system 
according to claim 2, further comprising control means for 
maintaining a substantially constant level of solids in the 
feeder tank. 

7. The continuous high pressure solids supply system 
according to claim 6, wherein the solids comprises pulver 
ized coal, and the source of solids further comprises a 
pulverizer. 

8. The continuous high pressure solids supply system 
according to claim 7, wherein the application comprises a 
furnace. 

9. The continuous high pressure solids supply system 
according to claim 1, further comprising a second solids feed 
pump located at the outlet of the feeder tank. 

10. The continuous high pressure solids supply system 
according to claim 1, further comprising two or more solids 
pumps in parallel between the source of solids and the feeder 
tank. 

11. The continuous high pressure solids supply system 
according to claim 1, further comprising two or more solids 
pumps in series between the source of solids and the feeder 
tank. 

12. The continuous high pressure solids supply system 
according to claim 1, further comprising vibration means 
operatively associated with the deaerator means to stimulate 
?ow and prevent pluggage therein. 

13. The continuous high pressure solids supply system 
according to claim 1. further comprising pneumatic pulse 
means operatively associated with the deaerator means for 
supply a pneumatic pulse inside a jacket of the deaerator 
means to stimulate ?ow and prevent pluggage therein. 

14. A continuous high pressure solids supply system 
comprising: 

a source of solids; 

?uidizing means for discharging the solids in a dense 
phase ?ow; 

deaerating means for deaerating the solids ?ow prior to 
entering a solids pump; 

a variable speed, high pressure solids pump having a 
pump inlet and a pump outlet, the pump inlet connected 
to the deaerating means; and 

means for conveying solids from the pump outlet to an 
application. 
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15. The continuous high pressure solids supply system 
according to claim 14, further comprising two or more solids 
pumps in parallel between the source of solids and the 
application. 

16. The continuous high pressure solids supply system 
according to claim 14, further comprising two or more solids 
pumps in series between the source of solids and the 
application. 

17. A method for continuously conveying solids, com 
prising: 

providing a source of solids to a reservoir; 

?uidizing the solids in the reservoir to produce a dense 

deaerating the dense phase ?ow of solids prior to provid 
ing same to a variable speed, high pressure solids 
pump; 
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using said solids pump to increase the pressure of the 

dense phase ?ow; 
transporting the dense phase ?ow of solids to a feeder tank 

maintained at a higher pressure than a pressure in said 
reservoir; 

providing the solids in dense phase flow to an application 
through an outlet of the feeder tank; and 

controlling the solids pump such that a substantially 
constant level of solids is maintained in the feeder tank. 

18. The method for continuously conveying solids 
according to claim 17, wherein the solids comprises pulver 
ized coal. 

19. The method for continuously conveying solids 
according to claim 17, wherein the application comprises a 
furnace. 


